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(54)Title: NOVEL BACILLUS SUSTILIS WITH ANTIBACTERIAL EFFECTS 



(57) Abstract 

A novel antibacterial Bacillus subtilis strain, specifically Bacillus subtilis 
AS2 strain (accession number: FERM BP-6139) having such features that it exhibits 
potent antibacterial effects against deleterious bacteria of the genera Salmonella , 
Escherichia , Shigella , Vibrio , Staphylococcus , Clostridium , and Campylobacter 
and that it does not exhibit such effects against lactic acid bacteria of the genera 
Bifidobacterium and Lactobacillus and Bacillus natto . 
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EFFECT OF AS2 STRAIN AGAINST Escherichia 

call 

CELL COUNT (CFU/ml) 

DAYS ELAPSED AFTER INITIATING MIX CULTURE 
Bacillus auhtil is AS 2 strain 
Escherichia ssiiS E01292 Btrain 
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tt^MTfcfc^WUT. • X7'^D7 (Bacillus subtilis) ST** 

as 2#£W$j£#fc-r*&B»JfcH"f a. 

fT ft < ft 5 , ^ t$ § © ^ £J ft ft£ ^ H t ft O X V> 5 o 

^-d-c, m-<2fc^ti5t/^ft3K£^JTl3ft<, g»K:#£U 

4ft*rat>©***5. ^y'Jy^Mt^^-v'J^A- / (Penicill 
i urn not a turn) ^r.->U > ■ £ U V^tA (P. chrysogenum) &£#-£E>«fc^ 

ft L/ Tif'tt UT 1/ * 5 £ V* "5 FnlH * t> tb Z> . 
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U7 (Bacillus subtilis) • U^-7*;i/57 (Bacillus lichen 

iformis) mofflmtm ja^Jl/V-^iiAW- U^~7*jl/ 

577^\ 7 D7> h U y^A • A°— 7 U >^>7 (Clostridium perfringens) © 
4f§«lf?)/tyh7y>^t^i:i:^p^T^5 (Ducluzeau, R. , 
et al. , Antimicrobial agents and Chemotherapy, 9, 20-25,1976) . 
t^8-l 8 9 9 6^^Htt, tt^0)IFO-3OO91*, IF0-3013tt> IF0-33 
35»> IFO-33361*, IF0-3936m5«fcOT(H3169#£^tr£M8iJ£ 

mz\t, rt?)l7> • X7*^U 7 • TSMPM No. V-2335^>o.- H^^X • 7XJ^ 
y— tf\ y^r'7 • 7*f\ -trJl^^JS, 7^7*->X^ • 7°P 
x77 • 7^#'J7K:*fLT, /WV7 • Uy-7tJV5^ • TSMPM No. V-233 

M4AJ» ttiolSHt^St'^'J^ y^7H, i>rna^m 
7v©?LM^©M@t&3 7*F^:«Jg^ ^©amtfA-^SSSOftrt* IP 
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/tfM-X7^UX (Bacillus subtil is) ©-lt^5AS2^ 

y v F x X h T $> 5 - i > 5 0"C T"£ W b ft V > £ £ £ <h 1" 5 / Wl/ X 
■ X7f • AS 2ft (Bacillus subtilis AS2) , fttS^FERM BP 
- 6 1 3 9, 2)@^J##1 fc^b&l 6 S U#V-ARNA©*fia£E?!l&WT 
5; • X7^UX • AS 2ft (Bacillus subtilis AS2) , ^f£#^FE 
RM BP-6139> 3) IUAS 2ft<D£S, 5EM*fcttB#JsK^*WS&^ 

mn. 6)AS2^m«fM^j, DAS2^WAm m^j, 

8)AS2im»im 9)AS2^MMm 10)AS2ft£ 

fc*S, ;^7'X^fU7'AS2ftli B*ffl^*Smo< ITS 
111 3^ (S£#*t305) £ X^MK^X^X^SW^RfT (FERM) 
K1997¥10E9Bfc^f£3ftTfcO, ^<7)«ft#-^teFERM BP-6139-e&3„ 

MM^Tli/WI/X • X^'fUX • AS 2ft£r, ttllAS 2ft, £fc 
«AS 2ft£i9MET%;:<h^$>3o 

*5£Wl:il55AfJU • X7*fUX • AS 2tmTfE©ttSt£*rr5. 

(4)#*7-"tf»tt» (5)VP^:+, (6)50*011^^*56^ : (7) 7 %i& 
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\ti-vv^kmmmz.mz>%ii • +^ m^yzfyMftm ■. +> (9)+»-7* 

□ hD-X©|iJffl : +, (10) Egg yolk : +, (11) ft-tM : 
+ , (12) :7X>8&©fiJJH : +, (13)«8&&©j§7E : +, (14) J|g<&&tf)il7G 

: +, (15)^n->>©5flJJB : (16) #)Vn-Zfr *> (17) o — — h 

□ 7 X y-;V-j3-D-^^^7 htf^y ->K : (18)ADH:-, (19) LD 
C : (20)ODC:-, (21) J^XD^X^ttJ&OflJffl : (22)^U7^ 
^ >-fe>©^x>^m©fiJffi : +s (23)M7KHE£ : m)VU7—VM 

(25)TDA:-, (26) >f > : (27) -t? 7 : 

+ , (28)«tfr«tflt*5^«S«»« : +, (29)^?L©S@ : (30)4^?L©^ 
7°l>>fc:+, (31) pH5. 7H*5ttS§5W : +^ (32) *t» £©$^£ : xUX'J 

-7;i/7h-7- D-V>y-X, -feDtf^-X. 7^h-X« 
+h;/2m-7„ hl/AO-X, D-77-f7-X, ^UD-y 

>> is-y>^br*-^, -r/vh-JK ?>-h-)K v;nfi>-;k a 

D- h-77>y-7v : +> ^U-feP-JK D-7^tV-7^ L-^yD 
-X, 7 Hz: 1 — Jk /3-pWk*~>D->h% -fjnjX /I/ 

vh-7;> 4y'J 1 — Jk L-7;k^-7s, H <y)lzy h— ;k a 

-^^-D-7>7yh', N-7-fe3\H^;H3U"5X D-U^V-X, D 
— X, D-7n-X, D-77h'h-JK L-77h' 

*f)VU*-h, 2-^b7*;kP*-K :-. 
ctib©ttK©7^, 50'Cfc*VsT56Wbft:V^ o--h07x;-)l/-e- 

V-tiyZYV?;^* •• £fcte?7 h-Xcfccfc^^^^U >*IJM£ 

AS 2ttm6SU#7*-2>RNA£LT\ SB^J#^ 1 tC^Lfc&SK^JS: 
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#j$^o^MW^**tftM*^^TS^Rfrti®fflTSz:tt«t Stales. 

xrA'J^A (Salmonella typhi murium) , IJ-JI/^^ • x-Y 7-c (S. typhi) 4 
trKT^-Z^T^?^ (S. paratyphi) , -^JV^^y - ziUyX^ X (S. 
cholerasuis) > ■ I/t'Jt^t^X (S. enteri tidis) , +Nl< 

tt? - #LWW» (S. gallinarum) , DrJVtt? ' 7#)V91*9 4 (S. ab 
ortusequi) , Drfrtt? - 7#)V9V\f7> (S. abortusovis) . -tNl^*? ■ 
^7*U> (S. dublin) ^(DlJ-JI^^Jg, S^lKtt • A14 • 'MMtfulnM 

(Escherichia coli) , y^7 • V^-f (Shigella sonnei) , 
>fij (S. dysenteriae) , 5 • 7 1/77* U (S. flexneri) , ^7 • 
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^r-r (S. boydii) Q<D~/>f i 7M. -tz5x7 • TJHz-fe>7 (Serratia ma 
rcescens) , ty^7 • (S. rubidaea) ^<75ii7x7g, t:7*>J^- 

n^^-f (Vibrio cholerae) , t*7*U * • U 7 * (V. parahaem 

olyticus) ^Otf^'J^JR, 777^ PDy^T. • 771/77 (Staphylococc 
us aureus) , 7^7^D37*X-lt , TJHf^7, (S. epidermidis) ^(D 
7F7MJS. ^D7b 1 JyOA-/t-7 l J>y>^ (Clostridium perfinge 
ns) , :7D7 MJ y9A ■ ya^-f (C. chauvoei) , # rx7 h U y7A • 
>JxA (C. botulinum) , ^DXh'Jy9A ■ t^- (C. tetani) , 7n7b 
'JyOA-t^A (C. septicum) §©^nx hUy7Ag, + -v>t°oA 
77- -7^-77 (Campylobacter fetus) , ^t>k"o;\^^--yiya 
— (C. jejuni) , >fc?PA77 — • X^hJUA (C. sputorum) . =^ > 
h!nA77- • A3+MJ7 (C. mucosalis) , ^ >h° nrt99— • 7^ — * 
U7 (C. faecal is) >tf n A7 ^ — JK. x;W->n7 • X (Y 

ersinia pest is) , UWX7-ya-H7WDyX (Y. pseudotubercu 
losis) > XJl/->x 7 • x>xn ^ U x-f ti (Y. enterocolitica) ^©xjl/-> 
-7g x i>TD/^^--i'07A'f (Enterobactor cloacae) H<Z)X>x 
o;^^^— -> h d;^ 7 — • 7 l/7>xV (Citrobacter freundii) ^© 
yho/^^-g, 7°n777H (Proteus) , A^fn-ffXi (Bacteroid 
es) , 7VA'5'fU7AI (Fusobacterium) fc^/OWf £>n3 0 Ht/ryU 
>Hf47*F7^B (Me t ic i 1 in resistant Staphylococcus aureus, MRS A) , 
Kif'ft(£>x>xn3 ^#7 • -tU^'J v^ 7 ' (Enterococcus serioli 
cida) , 7^niffi«sio26, 011K 0\Sffi\zftWft&&7K-?t^?®&tf$> 

■a) o 

— 7i> ifmffi-U^y J F/^f'J7A • n>#A (Bifidobacterium longum) , 
hT7>f KA7xU 9 A • h*7^ 7* A (B. bifidum) , t'7^ HA7tU7A- 
7>-7 (B. breve) #CDt:'7-Y KM^f'JvAi, 7 7 h AxJl/7 • 7*Jl/# 
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(Lactobacillus bulgaricus) , y 0 h • 7 x H )VX (L. 

acidphi lus) £ h Afjl/Xl, X h l/7°h3 vhT, • U— ^67^ 

(Streptococcus thermophi lus) KtotyZXMmtmttlTUZmmm* 
/Wl^-X7*?U7 (Bacillus subtilis) ^O/WWDSt'Of ffl^I 

KioTSW, lP^(Dl^l:HlIiISfc»)lttLT, ixl0 2 ~10' 

fc> at*^ mm, sittttMoffiasuTBft^fft&^JBTfeoT 

£PfflSH3J£PIS!lT5$&K:kJu iHtRJU^x ^^J, M^J, $tJB?L 

amah «^£t »#tt&»jfc£*jn*.&&, %m\z 



7 



WO 99/28441 PCT/JP98/05404 

h u £ a tt Etfim e> n s . 
80, gil^l, MfcflK ffiBtftSU ft#»Jft££*inu s& 

^ffl^ntfi^. «SS10~45t:, pH5~8, ^m^^TT, 
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m i /wvx • X7^ux • as 2««©^iiB^i"*fpfflS*bfc0 

KMT5$!^tfU8£jFl/&BIT*5. 
@4«, /WVX-X^fUX- AS2ft, IFO-3009^ KmmoVfr* 

lltSlfc-MlMl^i^ ^-nt+^t5SST*J:5tAS 2 







Pseudomonas aeruginosa NC-5 


X 


Psendoionas aeruginosa No. 2 


X 
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Borde te 1 1 a bronchisept ica 1 
Borde te 1 1 a bronchi sept, ica 2 
Bordetella bronchisept ica 3 
Escherichia coli NIHJ 
Escherichia col i C-l 
Escherichia coli C-2 
Escherichia col i C-3 
Escherichia coli TK-18A 
Escherichia coli E01292 
Klebsiella pneumoniae KC-1 
Klebsiella pneumoniae C-l 
Enterococcus cloacae 
Serratia marcescens B204 
Serratia marcescens H-l 
Proteus vulgalis H-l 
Salmonella typhimurium G-14 
Salmonella enteritidis ATCC 14028 
Staphylococcus aureus 209P 
Staphylococcus aureus OB-72 
Staphylococcus aureus 0B-73 
Staphylococcus aureus 9 
Staphylococcus aureus 10 
Staphylococcus aureus MRSA 
Staphylococcus epidermidis KA-1 
Streptococcus faecalis 10541 
Streptococcus faecalis ATCC8043 
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X 
X 
X 

© 

o 

O 
O 
O 
© 
x 

X 

O 

O 

O 

O 

O 

O 

x 

A 

A 

X 

O 
A 
O 
A 
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o L I cP I ULULL U b iaCLiUUl 


X 


Rar i 1 liic c lib t ill? PT191Q 


x 


Bacillus sub t i 1 is natto 


X 


Enterococcus seriol icida WiiY ftftt 


O 


Clostridium perfringens 


© 


Bifidobacterium spp. 


X 



© : O : D A : 0 X : « 



• XWJ7 • AS 2^tf)Slt ; !±}M£*§§M, tfe^F7HE A' 
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8 2 • X7*^UX • AS 2W\Z.£Z> 



'I m 1— 1 i 1 




Escherichia coli 0157:H7 (VTK VT2) 


+ 


Fscherichia coli 0157 :H7 (ATCC43888) 


+ 


Escherichia coli 0111:HNM (VTK VT2) 


+ 


Escherichia coli 026:HNM (ATCC43888) 


+ 


Staphylococcus aureus TSST-1 


+ 


anhvl ncncr 111 aureus (MRSA) 


+ 


Bacillus cereus (Emetic type) 


+ 


Bacillus cereus (Diarrheal type) 


+ 


Vibrio parahaemolyticus 


+ 


Yersinia enterocol it ica 


+ 



^±0^^b> *5gfl:«2>AfJW • X^UX • AS 2j*tt, Steffi 
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mmm 3 a s 2 wo^mmiznt^mm^m 

^W>'A-h --f >7a-/a> (^TBHI) -XnX^ 
(BBLftS) T37'C, 18P#P B liffl±£iiU 100ml 77X34'OBH I to 1 t&30m 1 

W^iJSr^tbU *©3£0. lml£*^#iftfc:lfeJ*£* 37t:T24lW£«bT 
£M»£fl-«lbfc. -kmm<nftm\z\f?yn>*-B%%m (BBLttSt) A* 

-^-0^^:^:121 1 iSir/EI 2 fc*b&. AS 2*<h?g£i£*b7c:*;JI§«te, ft 

;WU7> • XWJX • AS 2 4*©»K -NIHJ»cfcU^;^^ • X> 
jijf^^ • ATCC14028tt£ftT£^Mffl£P^fc<, ^HStbT-«80tt 
• X7f 'JX • IF(H009#fc«fctfHfiWfcttMT!fc*PC 

I219«£$fflbfco 

*®m&£ZfV)V : f:*7WZBHl7u7>%M (BBLthSS) £^fflbT37'CT 
18^F^mfl$*b, 100ml7^X=i^©BH I igitii30il «n^i^&£fcW;A S 
2|tBtSit. 37 , C©t§?§*TiSiii&gbfc. «M&ffK lB&fccfc 

■feO. lml**^i&ffil^i*^ 37T:T24TO«bT£aMit$jbfco ^11 
feiOTJU ; &T^ii©^li}I«v^D>+-»^i^ (BBL&K) £, >WU7. 
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mnms as 2«Aira2^fci^Jii'ff^^*tt 

25^jro^^7,til0 8 CFU/ml (0. O5ml0£g£*fitt£ffll«) ©A'fJ^ • 
U7-AS 2$£, 5 Bfmn&^Ltz. MS4BS:0 BtlT^IL^ Jg 
1, 2, 3, 5i3«ttf7Bfc, #5^iJ©V^7>^^>hA;Hf^-;V- ^hU 

A S 2 ft fc «IB«3£3ttt & % Z. t WW b ^ fc 
H5£#iJ 6 AS 2 tfctfi&^ffiWttfcSiKffffiOfttfc 



A'fW-X7f UX- AS2i, IFO-3009*^ IFO-3013*, IFO-3336**, 
IFO-3936^ IF0-13169ft^«k^PCI219ft (ATCC6633) (D^DXb'Jy^A ■ A 
-7'J >y>7. • NCTC3182 Type CC#T5io^f£ffl£JfcKbfc. 

S) "Tr37t , 24B#f B ']ig*^> ^(K^Olfilhffir*«*bfc. ^©fe*, AS 2 

^©ftTttv^-rnfeiim^fflii^bn^^ofc (S3) . 
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3 xm-x rnwmw; %-r\-iW n\z#-?z>wgm\ftm 







Bacillus subt i 1 is IFO-3009 


X 


Bacillus subtilis IFO-3013 


X 


Bacillus subtilis IFO-3336 


X 


Bacillus subtilis IFO-3936 


X 


Bacillus subtilis IFO-13169 


X 


Bacillus subtilis PCI219 (ATCC6633) 


X 


Bacillus subtilis AS2 


O 



-S^lOWIf^X (SLC:ICL 5 MIS) K!RiS LtzA S 2 ft 

10\ 10 8 ^fc«10 9 CFU/0. 5ml^3 BRHa^P^bT> ft^&-^24Pf P^k: 
4a««ct»Sbfct h**^B«E01292flc 4. Ox 10 7 CFU/0. 2ml*#MrtS 

AS2ttc* : fi»wna!4-rs;:ttj:t). *Lmm®mztt?%'?V7><D 



15 



WO 99/28441 PCT/JP98/05404 

g4 Km-XTfn ■ AS2#©*H«£#-r*®$feteffll2&3: 





%.ym (m, %) 


mm 


O/10 (0) 


AS 2^ KbCFU/mouse 
lOsCFU/mouse 
lOgCFU/mouse 


3/10 (30) 
5/10 (50) * 
8/10 (80) ** 



x 2 x7.K **:p<0. 01, * :p<0. 05 



m&m a s 2 trot fiy f ^ wirtii w^Mf 
~m&m\<Dm-?<yz (slciicl 5 mm) t4i«i:iswcAS2ft 

10\ 10 8 £fc«10 9 CFU/0. 5ml£6 BF«nt4U, &#4B@t£S:& 
tttSte»»bfc^->?LSIfe**ftfe^H«>«K0B-72* 6. 5x 10 7 CFU/0. 2ml£# 
mm^-Ltco AS 2 WS^^ 7 HiOT^^OW^IfflU 
$H£W£l<7c («5) c 

S 5 A' flW-X' 7' ?'j7,-AS2|*<7)|£"fe7' K ^B^MfS 





(*, %) 




0/10 (0) 


AS 2* lOrCFU/mouse 
lOsCFU/mouse 
lOgCFU/mouse 


5/10 (50) * 
8/10 (80) ** 
10/10 (100) ** 



x 2 xXK **:p<0. OK *:p<0. 05 
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mmm9 as 2ft©t-x7+-^^;^feT^wsisiiM 

-M&mKDm*??* (SLC: ICR, 5il») (^SftMtcM Lfc A S 2 1* 
10L 10 8 £fctel0 9 CFU/0. 5ml£6BPfl3«PS#LT, S44B@l:4It 

it^MLfc^S**- 133PFU/0. 2ml£j£T&4Lfc. 

*M J^W^b7 0i(D7-)X0OT§Iltib, (Man 
(S6) o 



6 A'fJ^-r 7'f l JX-AS2*©M7^H(C^-r-g) 





(m, %) . 


MP 


O/10 (0) 


AS 21* KhCFU/mouse 
lOsCFU/mouse 
lOgCFU/mouse 


1/10 (10) 
4/10 (40) * 
6/10 (60) ** 



x 2 xXK **:p<0.01, *:p<0. 05 



«#iJ10 AS2«(D l J^# , Jf7*7<H (LPS) mmm\Z%itZ> 

-ffi&\WWm-?07s (SLC:ICL 5«) ttltfiiLISLfeAS 2ft 
10\ 10 8 £fcm0 9 CFU/0. 5ml£M&4L, 24^K^t^lB@S5feL P S 50 
mg/kg£«Mtl*JK:&4L, $ bt^©6BtF B 1^^l5]fflSWAS 2ft£^Wn 
|Pt4bL LP Si»b4 Bff<7)-7^XC7)£»£ir[iJL, M$J^ 
£*iJ£Lfc (It 7) o 
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g 7 a' m-x r m-kSiftarA' w-»t:^t?>w* 





&m. %) 


mm 


1/10 (10) 


AS 2W lOrCFU/mouse 


1/10 (10) 


lOsCFU/mouse 


3/10 (30) 


lOgCFU/mouse 


7/10 (70) ** 


x 2 xXK **:p<0.01 



£%0J 11 A S 2 ftcftJnT^ffl 
/WU* ■ Xy^)l7s ■ AS 2 1*07^7 LPS "F^tf^K^t* 
6 2lftOtf7^7. (Sic: ICR) 20W::, 1. Ox 10 9 CFU/0. 5ml© A 
S 2»£3 BIB]a88&nS:4b, ^OlBtCLPS 10mg/kg£Mft&4L 
fee TSI05S^BB^WrM*ffl#:^tt^ LPS»?>3«tT*0lil 
*£*--^£iK:SJj£L-fc. ^WlHAS 2fls0ft:fo9K:O. 5ml<D#cffizk£fi 
4bL 8 In* L-fc. 



8 A'm-7'7'f'J7-AS2^(7)jH"F^{fffl 





Tsow^ra (#) 


MS (g) 




36. 8± 8. 1 


2. 93+1. 16 


AS2ft 


76. 8+12. 2 


0. 47±0. 14 



%mn 12 AS 2ttc©»HH^T4^li3!l* 
SHRlOgCAS 2$ 2xl0 11 CFl]/g^^n^*n0. 05, 0.5, 5, 50mg«bT 

(^n^'mo 6 , io 7 , 10", io 9 cFU/gii^^ffi^) sss$t> 2, 3, 4^ 
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£3&H£?SLfc (8 9) . 



9 A'fH-7'7*m-AS2tt©^^* 





2 Bit 


3 a& 


4 am 


7 B££ 


(«tP3¥) 


X 


X 


X 


X 


AS 2ft lOe/lgll^ 


X 


X 


A 


O 


AS 2ft Kh/lgltH 


A 


A 


O 


© 


AS 2ft lOs/lgJRH 


O 


© 


© 


© 


AS 2ft lOo/lgftS 


© 


© 


© 


© 



mmm n a s 2 ft^^ra^ffl 

-&&5M(Dm-?0* CSLC: ICR. #fil0~12g) fc, 3. 125X 10 4 . 

1. 25 X 10 5 , 5 xl0 5 Sfctt2Xl0 6 CFU/g»?lgT-AS 2 ft£^PUfcT^Xffi^ 
n (^p q p^MF, *'JI>^MS«*)) T28Bf^tslWt> frEHtiPM&J;^ 
#fiJtiin¥**ttJLifc. *-<E>*£^ AS 2ft£ttbfc$l:te, t^T'nt>M 
S¥tJ:b»bTii^^^fflftfe#WtC^-bnfc (S10) . 
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10 }\'m-xTfn-kS2faofc&&m$h% 



ISM 


m& (CFU/g) 




JSin»(g) 




mm 


0 


25.6 (100)]) 


1.81 (100) i) 


as2» -mm i 


3. 125X104 


27.5 (107)* 


1.94 (107) 


AS2tt mm 2 


1. 25xl0s 


28.3 (111)* 


2.00 (110) 


AS2tt mm 3 


5X105 


28.6 (112)* 


2.02 (112) 


AS2« mm 4 


2xl0e 


29.3 (114)** 


2.07 (114) 



WilliamsM^S^bfe, **:p<0. Oh *:p<0.05 



mmmi4 as 2^©7jv^o^^->;i/ (5-fid &mm\zitfrz>WM®% 

-ffi&5m<Dm-?07, (SLC:ICR, 5«) i:4£lMII;liLfcAS 2^ 
10 9 CFU/0. 5ml£9 BP^^MP&^bfco B @fc«5-FU 500mg/kg (7 

at 1 1 a' m • x i' m- as2* <d \z 



mm 


%) 


mm 


O/10 


AS 2t* lOsCFU/mouse 


5/10* 



X 2 x7K *:p<0. 05 



WJ15 A S 2 flcOjtfc^WtttfOtftfr 

Ribosomal-RNA 16ScD&Sie^J£T-f 7 o-fc y ^ 1 6Sr RNA Gene kit (Kp d b ^, 
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i±®II$^il!§ii- HS!£iliStUTPCRftT«Mi&, ABI plasma 3 
10 Genetic analyzer (ip^, ^-*> • x;UT-it») e^y^i> 

*-<0«S*, AS 2ft (E?U#*fl) <htt^Kroll«T&&NCD01769** (IB 
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:t$HStT5AfJl/7 • X7^UX (Bacillus subtilis) . 

2. tJV7-b07x;-JV-3-D-^7i' hf7; ~>Ft^X h^ft'ftTfo 

3. 50 c CT*4Wb^V^t^^^-r^>/WVX • X7?'J7o 

4. /Wl/X • X7*^DX#VW1/X • X7*^UX • AS 2ft (Bacillus sub 
til is AS2) , f!?F£#^FERM BP - 6 1 3 9T'feWll~!l*S3 0 

v^-rn^ i jum^/wi^ • X7*^u x 0 

5. B^mmiZTr.Ltzl 6 S U^V-ARNA^KE^WI-^WVX 

• XT^UX • AS 2** (Bacillus subtilis AS2) T&D, fKi^FERM 
BP- 6 1 3 9Tfe§W*^l~W^3WVi-rn^l^HIBife0A*^;VX 

• xx^ux, 

6. w^i~w^5 0ViTn^i«niB«©A^;ux • x^uxro^s, 

1 0. lf^6HIHicro/WPX • X7^UX0£!K 5EjS£fc«M&J$#£: 
12. W^«6 tfEitOMWUT. • XX^UX©£ii\ ?EH;£fc«H#:j&#© 
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1 5. W^6^|SKcd;WI/^ • X7*^UXtf)£«, 5EM£fcteS#fi£#© 

16. lfst<^6 £fBt£©/W^ • X7^U7.©£S> 5EM£fcteliM#© 

1 7. if jfcgt 6 \Z$m<D /WUX ■ X7^UX©^K, JES^fctt®^^© 

l 8. If^T^IBmcD^S^ii^p^trMMp^c 

1 9. 11*97 Cie«©M^JtW^fc«M«ffl^^t^^^^Mn n n 0 
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-o- 



— O- l\'mX AS2& 
• — *J!5® £01292* 



— r- 
2 



— r- 

3 




10 6 1 



10 S 1 



10 s 



10 ; 



E01292* 



1 2 



— i— 

3 
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4 



• x >t 'jf-r f * a i= ft -5 a* f h ■ r r f >jx <x> ft ffl 

10 10 i 




0 12 3 4 
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mm 



IB«^ : 1 
K3FiJ©fi£ : 1455 

mmm : M 

lE^SM : Genomic RNA 

: A' f H Xl'Vn (Batillus subtil is) 

m% : AS 2 

GACGAACGCT GGCGGCGTGC CTAATACATG CAAGTCGAGC GGACAGATGG GAGCTTGCTC 60 

CCTGATGTTA GCGGCGGACG GGTGAGTAAC ACGTGGGTAA CCTGCCTGTA AGACTGGGAT 120 

AACTCCGGGA AACCGGGGCT AATACCGGAT GGTTGTCTGA ACCGCATGGT TCAGACATAA 180 

AAGGTGGCTT CGGCTACCAC TTACAGATGG ACCCGCGGCG CATTAGCTAG TTGGTGAGGT 240 

AACGGCTCAC CAAGGCGACG ATGCGTAGCC GACCTGAGAG GGTGATCGGC CACACTGGGA 300 

CTGAGACACG GCCCAGACTC CTACGGGAGG CAGCAGTAGG GAATCTTCCG CAATGGACGA 360 

AAGTCTGACG GAGCAACGCC GCGTGAGTGA TGAAGGTTTT CGGATCGTAA AGCTCTGTTG 420 

TTAGGGAAGA ACAAGTGCCG TTCAAATAGG GCGGCACCTT GACGGTACCT AACCAGAAAG 480 

CCACGGCTAA CTACGTGCCA GCAGCCGCGG TAATACGTAG GTGGCAAGCG TTGTCCGGAA 540 

TTATTGGGCG TAAAGGGCTC GCAGGCGGTT TCTTAAGTCT GATGTGAAAG CCCCCGGCTC 600 

AACCGGGGAG GGTCATTGGA AACTGGGGAA CTTGAGTGCA GAAGAGGAGA GTGGAATTCC 660 

ACGTGTAGCG GTGAAATGCG TAGAGATGTG GAGGAACACC AGTGGCGAAG GCGACTCTCT 720 

GGTCTGTAAC TGACGCTGAG GAGCGAAAGC GTGGGGAGCG AACAGGATTA GATACCCTGG 780 

TAGTCCACGC CGTAAACGAT GAGTGCTAAG TGTTAGGGGG TTTCCGCCCC TTAGTGCTGC 840 

AGCTAACGCA TTAAGCACTC CGCCTGGGGA GTACGGTCGC AAGACTGAAA CTCAAAGGAA 900 

TTGACGGGGG CCCGCACAAG CGGTGGAGCA TGTGGTTTAA TTCGAAGCAA CGCGAAGAAC 960 

CTTACCAGGT CTTGACATCC TCTGACAATC CTAGAGATAG GACGTCCCCT TCGGGGGCAG 1020 

AGTGACAGGT GGTGCATGGT TGTCGTCAGC TCGTGTCGTG AGATGTTGGG TTAAGTCCCG 1080 
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CAACGAGCGC AACCCTTGAT CTTAGTTGCC AGCATTCAGT TGGGCACTCT AAGGTGACTG 1140 

CCGGTGACAA ACCGGAGGAA GGTGGGGATG ACGTCAAATC ATCATGCCCC TTATGACCTG 1200 

GGCTACACAC GTGCTACAAT GGACAGAACA AAGGGCAGCG AAACCGCGAG GTTAAGCCAA 1260 

TCCCACAAAT CTGTTCTCAG TTCGGATCGC AGTCTGCAAC TCGACTGCGT GAAGCTGGAA 1320 

TCGCTAGTAA TCGCGGATCA GCATGCCGCG GTGAATACGT TCCCGGGCCT TGTACACACC 1380 

GCCCGTCACA CCACGAGAGT TTGTAACACC CGAAGTCGGT GAGGTAACCT TTATGGAGCC 1440 

AGCCGCCGAA GGTGG 1455 



E?»J#*t : 2 
ie?']©ft£ : 1553 

gB^j^s : mm 

%&y\(DMM : Genomic RNA 

mm 

§eM% :l\'m Xl'fU (Bat i 1 lus subtil is) 
W% : NCD01769 
: 

TTTATCGGAG AGTTTGATCC TGGCTCAGGA CGAACGCTGG CGGCGTGCCT AATACATGCA 60 

AGTCGAGCGG ACAGATGGGA GCTTGCTCCC TGATGTTAGC GGCGGACGGG TGAGTAACAC 120 

GTGGGTAACC TGCCTGTAAG ACTGGGATAA CTCCGGGAAA CCGGGGCTAA TACCGGATGG 180 

TTGTTTGAAC CGCATGGTTC AAACATAAAA GGTGGCTTCG GCTACCACTT ACAGATGGAC 240 

CCGCGGCGCA TTAGCTAGTT GGTGAGGTAA CGGCTCACCA AGGCAACGAT GCGTAGCCGA 300 

CCTGAGAGGG TGATCGGCCA CACTGGGACT GAGACACGGC CCAGACTCCT ACGGGAGGCA 360 

GCAGTAGGGA ATCTTCCGCA ATGGACGAAA GTCTGACGGA GCAACGCCGC GTGAGTGATG 420 

AAGGTTTTCG GATCGTAAAG CTCTGTTGTT AGGGAAGAAC AAGTACCGTT CAAATAGGGC 480 

GGCACCTTGA CGGTACCTAA CCAGAAAGCC ACGGCTAACT ACGTGCCAGC AGCCGCGGTA 540 

ATACGTAGGT GGCAAGCGTT GTCCGGAATT ATTGGGCGTA AAGGGCTCGC AGGCGGTTTC 600 

TTAAGTCTGA TGTGAAAGCC CCCGGCTCAA CCGGGGAGGG TCATTGGAAA CTGGGGAACT 660 

TGAGTGCAGA AGAGGAGAGT GGAATTCCAC GTGTAGCGGT GAAATGCGTA GAGATGTGGA 720 
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